Background: Intravenous catheter (IVC) use in hospitalized ruminants is a common procedure. Limited information is available describing complications associated with IVCs.
blood stream infections leading to increased prevalence of nosocomial infections resulting in increased hospitalization costs, high morbidity, and mortality rates. 1 Risk factors for IVC infections in human patients include underlying disease, site of catheter placement, duration of placement, purpose of catheterization, and poor personal hygiene. 1, 2 In human patients, complications associated with IVC infections include phlebitis, 3 bacteremia, and septicemia. 1 Reported incidence of IVC infection in dogs and cats range from 15.4 to 22%. [4] [5] [6] In dogs, bacteria isolated from IVCs are of gastrointestinal or environmental origin 4 with Staphylococcus spp 5 
and
Acinetobacter spp 6 being the most frequently isolated bacteria. Furthermore, the bacteria isolated from IVCs in dogs are multidrug resistant, 4 suggesting a negative impact on antibiotic treatment outcomes. When compared to humans and dogs, cattle, goats, and sheep are exposed to similar risk factors for complications after IVC placement; however, difficulty in maintaining optimal hygiene in hospital stalls may play a larger role in ruminant species. Complications after IVC placement in cattle include Staphylococcus spp infection of the catheter 7 and thrombophlebitis. [7] [8] [9] In an experimental model in pregnant sheep, long-term IVC placement is a risk factor for abortion after infection of the catheters by Staphylococcus aureus. 10 Limited literature is available describing the risk factors for IVC infections, and identification of bacteria associated with IVC infections in hospitalized goats and sheep. Furthermore, limited literature is available describing susceptibility patterns of bacteria isolated from IVCs in hospitalized cattle. We hypothesized that (1) the prevalence of IVC infections in hospitalized cattle, goats, and sheep is >50%;
(2) IVCs maintained for >5 days are more likely to be infected compared to those maintained for <5 days in cattle, goats, and sheep; and
(3) IVCs placed in a non-aseptic (using non-sterile gloves) manner have a higher likelihood for infection compared to those placed in an aseptic manner (using sterile gloves). The objectives of this study were to determine the prevalence of IVC infections, identify risk factors associated with IVC infections, identify the bacteria associated with IVC infections, and their susceptibility patterns, in hospitalized cattle, goats, and sheep.
| MATERIALS AND METHODS

| Animals and experimental design
A prospective, observational, nonrandomized study was conducted.
The sample size was calculated based on a hypothesized prevalence of 10% of peripheral IVC infections in cattle, goats, and sheep, compared to studies in dogs that reported a prevalence of approximately 22%, 4 
| Catheter removal
When the catheter was no longer required or was no longer patent, it was removed without contacting the animal, and the distal 5 cm of the catheter was cut with sterile scissors and placed in a sterile transport cup. Cleaning preparation was not performed on the site before catheter removal. The catheter was then submitted to the VMTH Microbiology Laboratory for bacteriological culture and susceptibility testing.
| Catheter sample analysis
Aerobic culture and susceptibility testing were performed according to the Clinical and Laboratory Standard Institute guidelines. 11 Catheter samples with >15 colony forming units of bacteria were considered infected. 3 Catheters were gently rolled on to the surface of 1 quadrant of 5% sheep blood agar (Hardy Diagnostics, Santa Maria, California) and then the agar was streaked for isolation. In order to isolate fastidious organisms, a "feeder" streak of S. aureus was applied from the first to third quadrants of the agar surface. Plates were incubated inverted at 35 C in 5% CO 2 and examined daily, for growth. Plates were incubated for a total of 5 days before determination of no growth. and X 1 and X n are explanatory variables.
A statistical software (JMP Pro version 14.2, SAS Institute) was used to analyze the data. In all analyses P < .05 was considered significant.
Positive interval likelihood ratios (LHR+) and 95% confidence interval (95% CI) 12, 13 were calculated to determine the duration of IVC placement that increased the likelihood of infection using the following formula:
LHR + = Probability of IVC infection given the duration of placement Probability of no IVC infection given the duration of placement Interval likelihood ratios >1 with a 95% CI excluding 1 indicated an IVC placement duration that increased the likelihood of infection of the IVC. Likelihood ratios <1 with a 95% CI excluding 1 indicated an IVC placement duration that decreased the likelihood of infection of the IVC. Likelihood ratios = 1, indicated no effect of the IVC placement duration and infection of the IVC. were considered for antibiotics commonly used in food producing animals including ampicillin, ceftiofur, penicillin, and tetracycline. Susceptibility patterns to macrolides, fluoroquinolones, and florfenicol were not reported because of lack of specific break points for CNS. In cattle, 71%, 100%, 100%, and 43% of the CNS isolates were resistant to ampicillin, ceftiofur, penicillin, and tetracycline, respectively. In goats, 90%, 100%, 100%, and 30% of CNS isolates were resistant to ampicillin, ceftiofur, penicillin, and tetracycline, respectively. In sheep, 83%, 100%, 100%, and 83% of CNS isolates were resistant to ampicillin, ceftiofur, penicillin, and tetracycline, respectively. Frequency of infected catheters relative to body systems affected in cattle, goats, and sheep are summarized in Table 2 .
| RESULTS
| Prevalence of IVC infection and susceptibility patterns
The highest percentages of culture-positive catheters were recorded in those admitted for gastrointestinal (83.33%), urinary (100%), and musculoskeletal (60%) reasons in cattle, goats, and sheep, respectively.
| Association among reasons for placing IVC, catheter type, use of antibiotics, and IVC infection
Reasons for placing IVCs and associated body systems affected by the disease conditions in cattle, goats, and sheep are summarized in Table 2 .
There was no association between the reason for placing the catheter The final logistic regression equation for goats is summarized in Table 3 . The final logistic regression models for cattle (P = .65) and
sheep (P = .47) were not significant. 
| Duration of catheter placement
| DISCUSSION
The prevalence of IVC infection in our study was high in cattle and goats, consistent with our hypothesized prevalence of >50%. Although <50%, the prevalence of IVC infection in sheep was still relatively high (42%). Our study focused on estimating prevalence of IVC infection whereas previous studies in cattle focused on determining the presence of thrombophlebitis as a risk for IVC infection. [7] [8] [9] Although thrombophlebitis is a risk for IVC infection, interpretation of our study results and previous studies in cattle might not be directly comparable.
The prevalence in the previous study in sheep 10 Notes: Likelihood ratio for catheters placed for 1-2 days: 9/21Ä7/13 = 0.8. Likelihood ratio for catheters placed for >2-4 days: 6/21Ä5/13 = 0.74. Likelihood ratio for catheters placed for >4 days: 6/21Ä1/13 = 3.71. Interval likelihood ratios >1 with a 95% CI excluding 1 indicated an IVC placement duration that increased the likelihood of infection of the IVC. Likelihood ratios <1 with a 95% CI excluding 1 indicated an IVC placement duration that decreased the likelihood of infection of the IVC. Likelihood ratios = 1, indicated no effect of the IVC placement duration and infection of the IVC. Abbreviations: 95% CI, 95% confidence interval; IVC, intravenous catheter. Notes: Likelihood ratio for catheters placed for 1-2 days: 5/14Ä11/19 = 0.62. Likelihood ratio for catheters placed for >2-4 days: 5/14Ä7/19 = 0.97. Likelihood ratio for catheters placed for >4 days: 4/14Ä1/19 = 5.43. Interval likelihood ratios >1 with a 95% CI excluding 1 indicated an IVC placement duration that increased the likelihood of infection of the IVC. Likelihood ratios <1 with a 95% CI excluding 1 indicated an IVC placement duration that decreased the likelihood of infection of the IVC. Likelihood ratios = 1, indicated no effect of the IVC placement duration and infection of the IVC. Abbreviations: 95% CI, 95% confidence interval; IVC, intravenous catheter.
In our study, non-aseptically placed Mila catheters were associated with increased IVC infection in goats consistent with our hypothesis, and consistent with studies in human patients. 14 are consistent with studies in dogs and cats, 15 but in contrast to studies in human patients, which reported that specific catheter types were associated with increased risk of bacterial infections. 14 A possible explanation for the lack of significance of the catheter type/ placement technique as a risk factor for IVC infection in cattle and sheep might be that adequate skin preparation, as in our study, before catheter placement significantly reduces risk of IVC infection. In cattle, the reported risk for IVC infection was significantly reduced when skin preparation of the IVC site was performed similar to when an animal is prepared for surgery. 7 In contrast, inadequate skin preparation was a cause of IVC-related infections in dogs. 16 In vitro studies demonstrated that catheters made of polyvinyl chloride or polyethylene are likely less resistant to adherence by microorganisms compared to catheters made of Teflon, silicon elastomer, or polyurethane. 17, 18 The Arrow and Mila type catheters used in this study are both made of polyurethane. This material is likely resistant to bacterial adherence and this might have contributed to lack of catheter type/ placement technique effect in cattle and sheep. Furthermore, some IVC materials have surface irregularities that enhance microbial adherence of bacteria such as CNS and Pseudomonas aeruginosa. [19] [20] [21] Consequently, the lack of difference in proportions of infected IVCs between the 2 catheter types/placement technique used in cattle and sheep could also have been as a result of similar surface irregularities in the materials used to make the catheters. Polyethylene catheters were not used in our study as they are not routinely stocked in our hospital; hence, we are not able to make similar comparisons. It is important to note that the prevalence of IVC infection was high in all species despite catheters being made of polyurethane suggesting that the risks for IVC infection are multifactorial.
We did not determine the association between specific medical or surgical procedures or the infusate type administered, and IVC infection because of the relatively low number of animals recorded for each specific procedure or infusate. Furthermore, in some cases, a single animal was administered with more than 1 classification of infusate, for instance, colloids such as whole blood, followed by crystalloids. In dogs, the infusate type including total parenteral nutrition, partial parenteral nutrition, dextrose, blood products, and fluids for oncotic support was not associated with IVC infection. 15 In contrast, an increase in IVC infections was reported when fluids that enhance microbial growth such as lipid emulsions and blood products were administered in human patients. 22, 23 Our results differ from human patient studies that reported a protective effect against IVC infections when systemic antibiotics were administered. 2 Although studies in human patients reported protective effects against IVC infections when a heparin-antibiotic combination flushing of the IVC was used, 24, 25 such antibiotics (vancomycin) are prohibited for use in food producing animals. In our study population, a significant (>80%) proportion of the animals administered antibiotics. Thus, the lack of association between administration of antibiotics and IVC infections might be as a result of low number of patients not administered antibiotics.
Catheters maintained for >4 days had a higher likelihood of infection than those maintained for ≤4 days, consistent with our hypothesis.
Our results are consistent with studies in human patients, which reported an increase risk of bacterial colonization when IVCs were left in place for >3 days 3,26-28 and 4 days. 29 In contrast, the duration of IVC maintenance was not a significant risk factor for IVC infection in dogs and cats managed in an intensive care unit. 15 Coagulase-negative Staphylococci, a common skin inhabitant, was most frequently isolated from IVCs, consistent with studies in human patients. 3, [30] [31] [32] In cattle, Staphylococcus chromogenes and Staphylococcus xylosus 7 were the most frequently isolated pathogens, whereas S. aureus 10 was the most frequently isolated pathogen in sheep IVCs. In catheters maintained for a short period, the most common route of infection of IVCs is by migration of skin inhabitants at the IVC insertion site into the catheter tract followed by colonization of the catheter tip. 30, 33 In catheters maintained for longer periods, contamination of the IVC hub contributes to intraluminal colonization, [34] [35] [36] but occasionally IVCs can be infected hematogenously from another infection site. 37 Coagulase-negative Staphylococcus can adhere to polymer surfaces such as an IVC more readily 37 secrete an extracellular polysaccharide, 38, 39 and can form a biofilm which protects the bacteria from the effects of antimicrobials and the host immune system. 40, 41 A high proportion of the CNS isolates in our study were resistant to multiple antibiotics commonly used in food producing animals, suggesting that CNS should be considered a potential nosocomial infection in animals with IVCs. In our study, Salmonella dublin was isolated from a single bovine IVC, however S. dublin was also isolated from the blood culture of this animal, and the animal was admitted after an outbreak of S. dublin on the farm of origin. Thus, the IVC infection in this animal was not considered a nosocomial infection. Our study has limitations, including the presence of potential confounders. We did not record the physical examination findings for evidence of significant inflammation or perform ultrasonography, at the catheter site, upon catheter removal. As a result, an association between bacteriological culture of the IVC and results of physical or ultrasonographic examination findings was not determined. We did not analyze the IVC site examination findings because of the inconsistencies in classifying whether the site findings were significant or not.
There is no standardized scale for determining significant IVC site catheter findings based on physical examination. Although thrombophlebitis is a risk for IVC infection, our focus was on other risk factors for IVC infections. Similarly, we did not account for the catheter placer as a variable. In our study, catheters were placed by different clinicians, residents, and students with varying levels of experience.
Studies in human patients reported an increased risk for IVC infections when placed by a clinician who had previously placed <50 catheters. 43 In cattle, the placement of a catheter by a less experienced individual increased the risk for development of thrombophlebitis. 9 Thrombophlebitis can serve as a nidus for bacterial growth and subsequent IVC infection. Therefore, the variety of catheter placers, with variable experiences, may have increased the catheter infection rate in our study as more experienced personnel are likely to adhere to aseptic technique and cause less trauma upon IVC insertion because of a fewer number of attempts. Our study was performed in a teaching hospital setting, where catheter placement is a required clinical competency expected of students on the livestock medicine and surgery clinical rotation. Therefore, controlling for experience of the IVC placer was not possible in our study. Controlling for the catheter placer should be considered in future studies. Furthermore, our study did not assess the association between risk of IVC infection and severity of disease diagnosed on initial examination because of lack of a reliable severity scoring system for multiple organ systems. Studies in humans demonstrated an increased catheter-associated attributable mortality in patients with severe disease on presentation, compared to controls. 44 Presence of an IVC infection does not equate development of bacteremia. We did not perform blood cultures and therefore we were not able to assess the association between IVC infection and evidence of bacteremia. Future studies should consider investigating the association between bacteriological culture from IVCs and blood culture results.
Concurrently, catheter sites could be examined by palpation or ultrasonography for evidence of thrombophlebitis. The association between the presence of thrombophlebitis and bacterial culture results from the IVCs also should be investigated.
